


Human Ecology Integrative Research Program: Environmental Accounting and Emergy Research (Ecological Research MYP)
Daniel Campbell, Sherry Brandt-Williams (St. Johns Water Management District), Tingting Cai (Immaculate Heart High School), Patricia Bradley, Maria Schneider (The Wooten Company), Andrew Ohrt (Delta Consultants, Inc.),

Erika Felix (USEPA , Office of Waste Water Management), David Riposo (University of Maryland), Nicole Schuetz (The Pacific Forest Trust), and Hongfang Lu (South China Botanical Garden, Guangzhou, China)

The AED’s Emergy Research is developing a system of 
environmental accounting using emergy that is based on double 
entry bookkeeping and includes economic, environmental, and 
social emergy and monetary accounts. The bottom line of such a 

triple system of accounting is a direct measure of what is 
sustainable for any human enterprise.  In addition, we are 
developing new emergy indices and strengthening the use of this 

methodology within the EPA and around the world with the goal 
of increasing our ability to make decisions on public policy 
alternatives that will result in increased well-being for the 
combined system of humanity and nature.

1) To develop methods of environmental accounting using emergy 
that will allow the construction of combined emergy and monetary
income statements and balance sheets for any human enterprise.

2) To demonstrate the relationship between value as determined by 
emergy and economic methods as a means to develop integrated 
methods for evaluating public policies.

3) To develop spatially-explicit methods of emergy analysis that will 
allow environmental managers and decision-makers to apply 

emergy indices to meet their decision decision-making needs, 
which are often place-based and multi-scalar. 

4) To transfer AED’s expertise in Energy Systems Theory to help 
meet the growing need for integrated ecological-economic analyses 
within the EPA, other state, federal, and private agencies and within 
the various countries of the world where this methodology is 
rapidly growing.  

Agency Problem: The U.S. EPA, States, Tribes and 
other Federal agencies need to understand the causal 
linkages between policy decisions and their consequences 
with respect to economic productivity and environmental 
quality.  This understanding will allow us to develop 
methods and tools to evaluate policy options based on their 
consequences for the environment and for society.  
However, many current efforts to link human health, 
ecological condition and socioeconomics are disjointed, 
and without integrating mechanism.  The complex trade-
offs needed to shape sustainable living standards will 
require a much greater ability to predict the consequences 
of public policy with respect to both socioeconomic and 
environmental conditions.  The science needed to support 
and promote this understanding includes developing 
systematic methods that accurately express the impacts of 
human activity patterns on the condition of humanity and 
the environment, as well as identifying the information and 
tools needed to improve decision-making directed towards 
ensuring human and environmental well-being. 

Approach and Methods

Emergy, Some Formal Definitions

Emergy is all the available energy of one kind previously used up 
directly and indirectly to make a product or service. Its unit is the 
emjoule. 

The prefix em- is an acronym for energy memory. Emergy can use 
any kind of energy as the base, for example coal joules, solar 
joules, etc. However, in evaluating environmental systems, we 
commonly use solar energy (solar emjoule) as the base unit. 

Solar transformity is the solar emergy required to make one joule 
of a product or service. Its units are solar emjoules per joule (sej/J).  

The fundamental equation of emergy analysis is:

Emergy  (sej) = Transformity (sej/J) X Available Energy (J)

Research Goals

Energy Systems Theory (Odum 1983, 1994) was chosen as the best approach 
to develop integrated methods of analysis for evaluating the ecological, 
economic, and social consequences of environmental policies. Energy is 
generally acknowledged as a common integrating factor in all phenomena in 
that the transformation of energy potentials is necessary for any action to 
occur.  Indeed, the availability and use of energy potentials can be seen as the 
primary underlying causal factor explaining all phenomena. Energy Systems 
Theory provided a tested, self-consistent, systematic, and rigorous 
framework that we needed for the development of integrated, comprehensive 
methods of environmental policy assessment. 

While many people recognize the importance of energy, few understand why 
energy alone is not a sufficient basis for decision-making. Energies of 
different kinds do different types of work within a system and therefore have 
different values within the context of their networks. For example, a joule of 
metabolic work done by a leaf cutting ant in the rainforest has a different 
result from the same amount of work done by an aborigine planting corn. 
Another expression is required to show the relative effects of these two 
energy expenditures. Odum (1983) developed emergy to capture this 
difference. 

Results

From 2002 to 2007, research on the development and application of 
emergy methods has been pursued at AED under three research 
components and from 2005 to the present our program has included
collaborations with environmental scientists from The People’s Republic 
of China. Often work under the 3 research components has been carried 
out with partners including the Canaan Valley Institute, a nonprofit 
organization focused on improving the quality of life in West Virginia 
through improving the condition of watersheds, U.S. EPA Regions 3 and 
4, the Nature Conservancy, NHEERL’s Western and Mid-Continent 
Ecology Divisions, and ORD’s National Risk Management Research 
Laboratory (NRMRL). 

Component 1 – Large scale emergy analysis of states and regions and 
the further development of environmental accounting and emergy 
methods.  This work has focused on development of assessment methods 
to quantify emergy accounts for political and economic entities. Income 
statements and balance sheets are completed or are being developed for 
10 states (WV, MN, DE, MD, DE, NJ, PA, VA, CO, and RI).  We are 
supporting the development of the emergy methodology around the 
world, especially through collaborative work with Chinese scientists. 
AED is a partner in the NHEERL-NRMRL project to development 
indices of sustainability  for the San Luis Valley, Colorado.

Component 2 – Spatial modeling and emergy analysis of landscapes.
This research has focused on the emergy analysis of landscapes, and has 
included the use of empower density (ED) as a predictor of coastal 
wetland condition and development of a new method for calculating a 
Landscape Development Intensity Index (LDI). Working with the Office 
of Water and the Minnesota Pollution Control Agency, the LDI was
tested as a first order indicator of the condition of isolated wetlands in 
Minnesota. Analysis of the Maryland landscape was begun this year to 
further test emergy synthesis and empower density as a means for
understanding landscape patterns.

Component 3 – Comparison of emergy and economic methods.This 
research focused on comparative emergy and economic benefit-cost 
analysis of restoring small streams affected by acid mine drainage in the 
lower Cheat Watershed of West Virginia in partnership with the Canaan 
Valley Institute.  As part of this effort, we developed the relationship 
between emergy and economic value as represented by market trading.  
Future research will examine the relationship between emergy and
nonmarket valuation methods and will explore the development of an 
emergy-based trading scheme for environmental pollutants.

Collaborative Research
Component 1 – Environmental Accounting and Regional Studies (Selected Results)

Major Findings and Accomplishments

1) We solved a major technical problem for the emergy 
analysis of states by finding data sources and developing 
new methods for documenting the emergy imported in goods 
and services.

2) We quantitatively demonstrated a 2 to 1 net benefit received 
by other states and the nation from their trade with WV, 
even though trade in dollars was nearly balanced. 

Major Findings and Accomplishments

1) We have developed the theoretical basis for an emergy 
characterization of society’s debt to the environment and 
how it might be measured and paid off (see 3 Energy 
Systems diagrams below). 

2) We are in the process of evaluating case studies that will 
give a practical demonstration of the methods.

Energy Systems Diagram of Standard Accounting Categories of Environmental Debt Quantifying Environmental Liabilities and Repaying the Debt

Regional Analysis, West Virginia

Environmental Accounting Methods

Regional Analysis of Shunde
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Emergy Indices Calculated for the Shunde Agricultural System and Used 
for Dynamic Analysis.

Yield, Y =F+R+N0; Empower Density, ED=(F+R+N0)/Area; Emergy 
Investment Ratio, EIR=F/(R+N); Labor Productivity, LP=(F+R+N0)/L; Emergy 
Yield Ratio, EYR=( F+R+N0)/F;  Environmental Loading Ratio, ELR=(F+N0)/R;  
Emergy Sustainability Index, ESI=EYR/ELR;  Emergy Exchange Ratio, 
EER=YM/Y;  Emergy Index of Sustainable Development,  
EISD=EYR*EER/ELR;

Emergy Systems Diagram of the Shunde 
Agricultural System, Guangdong, China

Major Findings and Accomplishments

1) Dynamic analysis showed that the Shunde agricultural system became more 
unsustainable from 1978 to 2000 under the small city development strategy, 
primarily due to the increase in agricultural labor which accounted for the 
majority of the load on the environment. 

2) The effect of including monetized ecosystem services in the balance between 
the emergy delivered in agricultural products and the emergy buying power of 
the money received was to decrease the emergy gained by the Shunde 
agricultural system.  

3) A new method for demonstrating  the consequences of using surrogate 
transformities in emergy analyses was developed.

Component 2 (Selected Results)

Component 3 (Selected Results)

Impacts and Outcomes

Future Directions
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SSR=(YM+YMD+YMV )/F =(MY+MD+MV)(Em/$)/(FC+FE)
ECR= CV/Fc
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EISD= EBR×EBE/ELR
MY -- the money received for economic services and products; 
MD -- the money contributed by private donors for conservation;
MV -- the entrance fees paid by visitors; 
YMD -- the emergy purchased with money  from private donors;
YMV -- the emergy purchased with money from visitors;
YMG -- the emergy purchased with  money from government;
FC --the emergy purchased to support conservation;
FE --the emergy purchased to support economic production.

Emergy Evaluation and Network Analysis of Yancheng Biosphere Reserve, 
Jiangsu, China
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Major Findings and Accomplishments

1) There is a 34 to 1 emergy yield on government investments in conservation of the Yancheng Biosphere     Reserve 
including sediment input and a 10 to 1 yield without sediments.

2) This study made a technical advance in the development of emergy indices by defining conservation value (CV), 
which includes the net change in renewable and nonrenewable natural capital storages within the reserve as well as 
the contributions of the reserve (YN) to support larger ecosystems. 

3) The Environmental Loading Ratio (ELR) of Yancheng Biosphere Reserve is 10 t imes higher than the Maipo 
reserve as a result of sedimentation, which made the marsh ecosystem a naturally unsustainable system. Most 
sediment deposited in Yancheng is being supplied from a limited source, the ancient submerged delta of the Yellow 
River Delta.

4) The Spartina and mud flat zones are rapidly extending seaward at Yancheng. Remarkably, Spartina’s work 
building new land has an empower density as high as a low-density residential area.
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Emergy Synthesis of Cobscook Bay

Regression statistics for plant and invertebrate IBIs from isolated 
wetlands in MN against LDI plotted using NLCD data. 

Testing the LDI as a 1st Order Indicator of the Condition of Isolated Wetlands

A map of the LDI for 3rd order watersheds in Maryland as a 1st step in testing the 
relationship between LDI and stream condition as measured in the MD biological 
stream survey. This map was made by Denis White of the Western Ecology Division.

Major Findings and Accomplishments

1) We developed a new top-down method of 
calculating the empower density of 
various land use types using readily 
available data compiled for each state.

2) We showed that the LDI is slightly better 
than land use and considerably better than 
land cover as a 1st order landscape 
estimator of isolated wetland condition in 
Minnesota.
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The Relationship between Emergy and Economic Value

An Energy Systems Model of an 
ecologic-economic production system 
showing the flow of money as dashed 
lines of variable thickness proportional 
to the magnitude of flow.

The transformity and price of various 
products derived from the U.S. forest 
industry.

Major Findings and Accomplishments

1) We showed the relative differences between economic and 
emergy evaluation of stream restoration (not shown).

2) We demonstrated that as a general rule emergy value exceeds 
market value by an increasing margin as the source of 
environmental products in extraction is approached.

3) We accumulated evidence that energy systems theory can 
explain economic axioms and theories and that the two 
methods can be used together in integrated environmental 
assessments.

1. Complete environmental accounting case studies and methods 
to allow resolution of emergy and monetary balance sheets.

2. Compare emergy value with economic value as determined by 
non-market methods.

3. Further develop methods of measuring the contributions of 
the environment to society including the evaluation of 
ecosystem services using emergy methods and the evaluation 
of environmental liabilities and repayments (restoration) using 
the emergy accounting perspective.

4. Further develop methods to evaluate biodiversity.

West Virginia

 Goods 
    and 
Services 

Environment Value Added Exports

E+20 sej/year

Imports

Fuels

West Virginia
     Fuels

556

265

108 1549

Exported without Use

1500

1323
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The combination of mathematically rigorous energy 
systems diagrams for static and dynamic evaluations and 
modeling with the general environmental accounting 
methods using emergy (Odum 1996) provided us with a 
flexible platform for the development of indices and for 
integrated ecological and socioeconomic evaluation of 
policy alternatives in many different systems.
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